Abstract Despite growing knowledge of ecosystem services (ES), and heightened awareness of their political and socio-economic relevance, mainstreaming and implementing ES in landscape planning and decision-making are still in their infancy. The objective of this special issue, therefore, is to explore requirements for, approaches to, and potential impacts of, integrating ES in landscape planning and management. The issue includes three key research themes: (i) Requirements and interests of planners and decision-makers for integrating ES in different application contexts, (ii) Approaches to applying ES in (participatory) planning, and (iii) Potential impacts of integrating ES in policy and decision-making. These themes are addressed by 12 papers that refer to case studies in Africa, Australia, and Europe. Four lessons are highlighted: (i) Information on ES is considered useful by many practitioners, but the type, production and communication of ES information need to be adapted to the specific context of a planning case; (ii) A broad range of approaches are available for integrating the ES concept in (participatory) planning with different and complementary contributions to decision-support; (iii) Effectively integrating ES in planning requires careful scoping of the context, objectives and capacities; (iv) Integrating ES in planning can effectively support the co
relevant knowledge and the collaboration of diverse actors. A new research field of 'Planning-for-ES Science' is emerging which focuses on, among other issues, the critical evaluation of real-world case studies of applying the ES concept in different fields of practice.
Enhanced relevance of ecosystem services
Ecosystem and landscape services have become a key issue in science and policy (Burkhard et al. 2012; Bateman et al. 2013; Bastian et al. 2014) and are recognized as an essential part of the emerging landscape sustainability science (Termorshuizen and Opdam 2009; Musacchio 2013; Wu 2013) . Research on ecosystem services (ES) has grown dramatically, as reflected in the exponential increase in papers and special issues referring to the subject (e.g. Potschin and Haines-Young 2011; Geneletti 2013; Hubacek and Kronenberg 2013; Alkemade et al. 2014; Haase et al. 2014; Iverson et al. 2014) . Further developments of the ES concept and its application were spurred by major international initiatives, including the Millennium Ecosystem Assessment (MA 1 ), The Economics of Ecosystems and Biodiversity (TEEB 2 ) studies and the recently established Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES 3 ). Finally, strong interest in policy is illustrated by international agreements that address ES such as the Aichi Targets of the Convention on Biological Diversity (CBD 4 ) and the EU's Biodiversity Strategy.
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Despite the growing knowledge base, and heightened awareness of political and socio-economic relevance of ES, actual mainstreaming and implementation of ES in practical planning and decisionmaking are still in their infancy (Daily et al. 2009; de Groot et al. 2010) . Many existing tools and approaches for measuring, mapping, and putting values on ES remain to be tested in practice (Cowling et al. 2008; Hauck et al. 2013) . In some areas, tools are still lacking. Knowledge and practical knowhow are needed concerning how and when existing or proposed tools can actually support planning practice (Primmer and Furman 2012; Opdam et al. 2013) . Conversely, studies are needed as to which information needs and requirements planners and decision-makers have concerning the possible integration of ES information in existing administrative and decision-making structures. This is particularly the case for planning at the landscape scale, which is widely perceived as most useful and relevant for land use decision-making concerning the quality, diversity, flow rates, and distribution of ES (Termorshuizen and Opdam 2009; de Groot et al. 2010; von Haaren and Albert 2011; van Oudenhoven et al. 2012 ).
Objective and contributions of the special issue
The objective of this special issue is to explore options and impacts of integrating ES concepts and information in planning to support decision-making for sustainable landscape development. It addresses three key research themes:
1. What are the requirements and interests of planners and decision-makers for integrating the ES concept and ES information in different application contexts? 2. How can the ES concept be applied within existing (or new) planning instruments and participatory planning processes? 3. Which impacts can be expected from integrating the ES concept in policy and decision-making?
The special issue contains 12 papers, each of which addresses one or more of the three research themes, from differing perspectives and with reference to one or more case studies in Europe, Australia, and Africa (Table 1 ). All selected papers employ participatory approaches involving potential users, develop an approach for actual implementation within existing planning, or explore implications for practice.
Key messages

ES: a useful concept for planning
Many planners and decision-makers find the ES concept potentially useful, but the type, production and communication of ES information need to be adapted to specific context. Planners and decisionmakers in Germany, Portugal, and South Africa acknowledge that integrating the ES concept could be useful and beneficial for practice, while the level of prior knowledge varies considerably between the countries Mascarenhas et al. 2014; Sitas et al. 2014) . Information of the ES concept among planning practitioners stems mainly from practice-oriented information materials and personal interactions with researchers, while major ES assessments such as the MA are mostly unknown Mascarenhas et al. 2014) . Applying the ES concept is considered most promising in multi-sectorial planning contexts of high policy relevance such as disaster-proof planning (Sitas et al. 2014) . The perceived added value of applying the ES concept lies in communicating the contributions and values of ecosystems and biodiversity to the wellbeing of different stakeholder groups, and in highlighting the impacts of planning alternatives on these contributions. Exploiting this added value however seems to depend upon the type of environmental information and planning systems already available. Introducing the ES concept in countries with emerging planning institutions could provide greater benefits than in well-established planning systems that already consider environmental data that could be associated with ES but use different terms.
Despite the perceived usefulness of the ES concept as a device for planning communication and decisionsupport, discussions with practitioners revealed important challenges for greater application, in particular the persisting confusions and criticisms of the ES concept and the need to provide information in the appropriate format, scale and timing for the issue at stake. Confusion persists regarding the multitude of definitions of the ES concept, ignorance surrounding its relationship to other concepts already in use by planners, the lack of practical guidelines and of case studies illustrating the actual application of the concept in planning. Major criticisms of the ES concept as mentioned by practitioners included its (perceived) focus on economic valuation, its supposed contribution to the risk of further commodification of nature, and the potential conflict or trade-off scenarios with regards to biodiversity conservation objectives Sitas et al. 2014 ).
Multiple approaches to integrating ES in planning
Many approaches are available for integrating the ES concept in (participatory) planning with different and complementary contributions to decision-making. The broad range of methods for applying the ES concept in planning and management have been classified into four types with different procedures for participation, benefits and shortcomings (Table 2) .
Responding to the need to adapt ES frameworks and categories to the specific context and issues at stake (Fisher et al. 2009 propose an ES model for planning applications that differentiates between offered and utilized ES, reflecting similar considerations by Casado-Arzuaga et al. (2014) and Kopperoinen et al. (2014) .
The cognitive mapping approach suggested by Moreno et al. (2014) facilitated a collaborative process for identifying key actors, main driving forces of While the papers are allocated to the research theme of their prime focus, many of them also provide insights for other themes change, and their interactions. As such, cognitive mapping can usefully amend spatial assessments and valuation of ES by developing common understandings and to co-generating place-specific solution strategies (cf. Sitas et al. 2014) . ES approaches supporting visioning and scenario studies are a good way of producing useful information to develop public understanding, to support social learning (Albert et al. 2012 ), or to improve actual decision-support among alternatives. While Frank et al. (2014) show how ES assessments can explicate the trade-offs between different management scenarios, Palacios-Agundez et al. (2014) illustrate an approach to underpin a visioning exercise with spatial analyses of the vision's implications.
Combined biophysical modelling and expert or social evaluation approaches may help in implementing assessment and valuation. Kopperoinen et al. (2014) reemphasized that ES assessments and valuation could usefully start with expert-based assessments to gain first insights, and evolve into more empirically founded assessments when moving towards decisionmaking at the site level. The combined modeling and evaluation approach employed by Casado-Arzuaga et al. (2014) to investigate recreational ES results in relevant insights for planning, for instance the validation of modelling and the identification of unused recreation potentials. Finally, Liu and Opdam (2014) develop a valuation mechanism that is systematically integrated in the planning cycle to capture the multidimensional understandings of human wellbeing and values.
Involving users and stakeholders in planning processes around ES is recommended by Sitas et al. (2014) and Albert et al. (2014) due to its several benefits for decision-making. Participation may further substantial knowledge, for instance concerning interactions between biophysical and socio-economic systems, contribute to mutual learning, and reveal implications for governance Kopperoinen et al. 2014 ). However, important challenges of participation need to be acknowledged, including the lack of representativeness of local engagement processes, the little time that key policy makers may allocate to participation (Hatton MacDonald et al. 2014), the need for integrating different knowledge types (Liu and Opdam 2014) , and often limited experience and resources for facilitating participation in planning practice . The lack of quantitative data is often mentioned in scientific literature as a problem in applying ES in practice. However, planning practice usually does not require the most detailed environmental information that could potentially be provided, but rather data that is considered sufficiently robust to serve as the basis for decision-making. For example, quantitative assessments are not always necessary. Instead semi-quantitative comparative approaches based on ordinal scales, have often proved sufficient . Gradually improving the data quality as new insights become available as suggested by Kopperoinen et al. (2014) helps overcoming the frequent paucity of existing data and lack of resources for empirical analyses.
Scoping, implementation, and assessment of planning for ES Effectively integrating the ES concept in planning requires careful scoping of the context, objectives, and capacities, and to appropriately design and implement the planning, ES assessment and valuation processes. Integrating the ES concept in planning depends on the existing governmental planning instruments. In planning systems with rigid planning systems, formally mainstreaming the ES concept requires a political mandate, active support, and patience. In planning cultures with more active roles of stakeholders, implementing the ES concept may have many more opportunities. In all cases, however, decision-making for integrating the ES concept and for stronger considering ES information in planning and decision-making is challenged due to the required changes in the actors' personal frames of reference linked with underlying beliefs and values. To this end, information on ES alone is not sufficient, but needs to contribute to social learning, negotiation and the development of common meaning and visions. Targeting the people and institutions that are most influential in steering landscape development at local level seems particularly promising for facilitating main streaming (Sitas et al. 2014 ).
The several challenges of integrating the ES concept in planning point to the need for an initial process of careful scoping together with potential users, stakeholders and scientists to ensure political relevance and legitimacy Sitas et al. 2014) . The objectives of such scoping would be to identify the needs and interests of potential users, to clarify the specific planning instruments and decisionmaking processes in which the ES concept should be applied, and to estimate the scientific capacities and resources available (cf. Palacios-Agundez et al. 2014) .
The subsequent design of the planning and implementation process, as well as the integrated ES assessment and valuation processes, need to be responsive to the identified context, objectives, and requirements. While planning based on ES assessments can theoretically achieve various objectives ranging from general public information to site-level decision support, they usually cannot be achieved simultaneously as each objective requires specific implementation approaches. A problem-specific combination of approaches for integrating the ES concept in planning should be chosen that is most likely to usefully address the identified research questions in the specific decision-context. The choice of methods should also consider the available data, temporal and financial resources, the required information formats, and most importantly, the spatial and temporal scale at which the information shall be used (Hatton MacDonald et al. 2014) . Furthermore, the emerging critiques of the ES concept among scientists and practitioners (e.g. Schröter et al. 2014; von Haaren et al. 2014) need to be acknowledged and carefully addressed.
The implementation of planning processes with the ES concept should be conducted as a reflexive process, responding to emerging challenges and opportunities for science-practice collaboration. The relevance of the aspired planning results for decision-making should be critically evaluated throughout the planning process and after its completion in order to learn and adapt (future) planning processes accordingly.
Facilitation for decision-making and collaborative planning
Integrating the ES concept in planning provides new and useful information to support decision-making and may facilitate collaborative planning and implementation of diverse actors. The inclusion of the ES concept in planning institutions and decisions yields additional and hitherto unavailable information, e.g. on a broader range of ES, the actual use of and demand for ES, their contributions to human wellbeing, associated values, potential trade-offs between planning alternatives, and concerning quantitative benchmarks and development objectives . In the Finish case study, planners acknowledge the potential of the ES concept to promote discussions of the relevance of green spaces and in highlighting the services they produce (Kopperoinen et al. 2014 ). In the case study on planning for recreational ES in the Basque County, local administrators perceived the information on ES as relevant and now intent to include them in planning decisions . Frank et al. (2014) reported that their ES assessment results were taken up by the planning authority in the revision of the regional plan and supported the introduction of strict and binding targets for erosion protection. Hatton MacDonald et al. (2014) even found evidence that the generated ES information actually influenced realworld decision-making.
Besides the provision of new and useful knowledge, applying the ES concept may also have several benefits for facilitating cooperative planning and implementation. In the Australian case study, the ES framework proved useful as a tool for communication both between scientists and with others (Hatton MacDonald et al. 2014) . Fürst et al. (2014) summarize the evidence for the potentially beneficial impact of using ES in collaborative landscape planning. They emphasize the need for systematically monitoring this impact in planning practice to create a shared reference for learning and making improvements in approaches and tools, and they propose a simple learning tool that can be used in a wide range of planning cases.
Concluding remarks
This special issue opens up a new research field of 'Planning-for-ES Science' in the rapidly evolving stream of ES studies. This field should be developed rapidly in order to ensure that the added value of the ES concept contributes fully to landscape planning and management. In particular, future research on Planning for ES could aim at
• developing indication systems adapted to specific contexts of ES application in planning, including appropriate ES frameworks, sets of ES to consider, indicators to use, and assessment and valuation procedures to employ • suggesting improved methods for assessing and valuing ES, especially for rarely investigated ES and concerning contributions to human wellbeing, which are flexible to variable planning contexts and allow the evolution of value perception during the planning process (for example by using social media) • creating place-specific planning and implementation strategies that contribute to sustainable landscape development through simultaneously attaining societal objectives, maintaining biodiversity, and delivering important ES • exploring how the ES concept could be employed as a boundary object to facilitate knowledge coproduction and cooperation between different actors • learning from planning experiments and empirical case study applications and to formulate recommendations how ES could be applied in selected planning instruments and decisions in ways most likely to enhance knowledge, facilitate cooperation, and impact decision-making
